During the cruise ANT VIII/1 of the German R/V Polarstern in August/September 1989 the latitudinal distributions of the atmospheric concentrations of methylchloride, dichloromethane, trichloroethene, and tetrachloroethene were measured over the Atlantic between 45øN and 30øS by in situ gas chromatography. With the exception of trichloroethene they showed mixing ratios well above the lower limit of detection. The methylchloride distribution was uniform with average mixing ratios of 532 _+ 8 and 550 _+ 12 ppt in the northern and southern Hemispheres, respectively. Dichloromethane increased linearly between the Intertropical Convergence Zone and 45øN with average mixing ratios of 36 -+ 6 ppt and was almost constant in the southern hemisphere with an average of 18 _+ 1 ppt. Tetrachloroethene mixing ratios were between less than 1 and 10 ppt in the northern hemisphere and always below 3 ppt in the southern hemisphere. Similar to dichloromethane, tetrachloroethene was nearly constant in the southern hemisphere and increased linearly toward northern latitudes. This is compatible with the predominantly industrial origin of these compounds. Trichloroethene varied between 0.3 ppt and about 15 ppt in the northern hemisphere with an average of 3 _ 1 ppt and was generally lower than i ppt in the southern hemisphere with mixing ratios often near or below the detection limit of 0.1 ppt. For CH3C1 we estimate a global turnover of 3.5 x 1012 g/yr which is compatible with previous results Using a simple model calculation our measurements imply a global 12 12 turnover for CH2C12 and C2C14 •)f 0.9 x 10 g/yr and 0.6 x 10 g/yr, respectively.
INTRODUCTION
Halogenated hydrocarbons are known to be the source of reactive chlorine in the stratosphere and to act as greenhouse gases in the troposphere. While most investigations focus on chlorofluorocarbons which are photochemically stable in the troposphere, little is known about the shorterlived chlorinated hydrocarbons such as methylchloride, dichloromethane, and the chloroethenes. Compared to chlorofluorocarbons, these compounds have significant tropospheric removal rates due to the presence of double bonds or abstractable hydrogen atoms. Therefore their mean atmospheric lifetimes are typically less than a few years, sometimes only a few weeks. However, the environmental impact of these compounds is not negligible. Due to its atmospheric lifetime of about 1.6 years, methylchloride is the only natural chlorinated compound which contributes significantly to the chlorine budget of the stratosphere [Fabian, 1986; Schmidt et al., 1985] . The environmental impact of chloroethenes is due to their ability to decompose into highly toxic species. The dominant source of methylchloride is believed to be natural production in the surface water of the oceans [Singh et al., 1983] . As a further source, microbial fermentation [Cowan et al., 1973] The samples were preconcentrated from 1.5 to 4 dm 3 (STP) of air at liquid nitrogen temperature on a preconcentration column packed with porous glass beads and analyzed using a gas chromatograph with a combination of packed and capillary columns [Rudolph et al. 1986; Rudolph and Johnen, 1990] . The halocarbons were detected by an electron capture detector (ECD). The instrument and the data acquisition system are described in detail by Koppmann et al. [ 1992] .
The atmospheric mixing ratios were calculated by comparing the samples with a reference air of known composition. The reference air was calibrated with individual standards prepared by a three-step static dilution of the pure halocarbons with purified synthetic air. The reference air bottle used during the cruise was compared with our laboratory standard before and after the cruise and during the cruise with an aliquot of the laboratory standard in a 10 dm3 stainless steel cannister. For CH3C1 our standard was also compared with a primary standard purchased from the Oregon Graduate Center, Beaverton, Oregon, (R. A. Rasmussen, private communication). The agreement was better than 10%.
During 14 of the measurements the valve between inlet line and preconcentration column was closed. From these measurements without preconcentration of an air sample the blank values were determined. While no blank peaks were observed for CH3C1, C2HC13, and C2C14, a small reproducible blank peak (corresponding to a mixing ratio of about 2 ppt) was observed for CH2C12 . The peak areas both in the air samples and in the standard measurements were corrected for this blank value. From the standard deviation of the blank determination the 3 tr detection limits were calculated to be 2.6 ppt for CH3C1 and 0.1 ppt for the chloroethenes. For dichloromethane the detection limit was 4.4 ppt. The reproducibility, derived from 12 analyses of the laboratory standard, was better than 10%. Owing to the low mixing ratios of the investigated halocarbons all measurements were within the dynamic range (104) of the detector [Rudolph and Jebsen, 1983] . The mixing ratios of the halocarbons in the standard air sample, the calibration error of the laboratory standard, and the 3tr detection limits are given in Table 1 . In all cases where relative wind direction and velocity indicated possible contamination by the ship's exhaust, the measurements were rejected. This was the case for a number of samples in the southern hemisphere and in two areas in the Bay of Biscay (46øN, 4.5øW) and in the mid-Atlantic (0.$øS, 18.$øW). Here, due to geological programs the Polarstern sailed on cross profiles for several days.
Four measurements showed unusual low-ethane mixing ratios of less than 200 ppt. Since this indicates problems with the preconcentration procedure, these samples were also rejected. In some chromatograms the water peak was very broad. In these cases methylchloride interfered with the water peak and thus could not be evaluated quantitatively. The average mixing ratio in the northern hemisphere was 36 -+ 6 ppt. The shape of the tetrachloroethene distribution is similar, but the absolute values were about a factor of 8 lower. The mixing ratios were generally below 3 ppt in the southern hemisphere with an average of 2.7 -+ 0.1 ppt. After a minimum of 1 ppt in the Intertropical Convergence Zone calculate the global tropospheric burden to be 4 x 10 •2 g (see Table 2 The concentration ratio of a long-lived to a short-lived compound increases with increasing age of an air mass, as discussed in detail by Rudolph and Johnen [1990] . By comparing the ratios of two pairs of atmospheric compounds compound with a local source contributing significantly to the observed concentrations is used, an estimate, as discussed above, will not give a meaningful result. Indeed, if CH3C1 is used instead of C2H 2, the calculated slope from a fit to the experimental data (not shown here) differs by more than 60% from the theoretical slope. In the southern hemisphere the different types of sources for the various compounds and the different geographical distributions of these sources do not allow a similar interpretation. Figure 7 shows the concentration ratios of C2H2/CH2C12, C2C14/CH2C12, and C2H2/C2HC13 as a function of latitude.
The latter ratio is found to increase between 45øN and 30øS by 2 orders of magnitude. The atmospheric lifetime of trichloroethene of about 7 days is short compared to the lifetime of acetylene which is in the order of about 1 month. Backward trajectories indicate that during most parts of the cruise the measured air masses had no contact with continents for several days in the northern hemisphere and for more than a week in the southern hemisphere (Figure 3) . Thus the shift of the ratio toward acetylene can be explained by increasing transport times from the sources. The situation is completely different for the ratios of C2H2/CH2C12 and C2H2/C2C14. Dichloromethane and tetrachloroethene have atmospheric lifetimes of about 4 and 6 months, respectively, and show a similar latitudinal distribution (compare Figure  7c) . Both concentration ratios decrease with decreasing northern latitudes between 45øN and about 20øN. Four-day backward trajectories indicate that the measured air masses were advected by a high-pressure region over the Atlantic. South of 20øN, the ratios increased and reached a maximum around the equator. In this region the measured air masses originated from the northern parts of South America. The transport times from the continent to the position of the ship was estimated to be in the order of 10 days. Between the equator and 30øS the ratio decreased by about 1 order of magnitude. A comparison of the latitudinal distributions of the individual compounds shows that the pronounced maximum in the concentration ratios found around the equator is due to the increase of acetylene mixing ratios. This indicates that there must be an additional acetylene source, which is not associated with CH2C12 or C2C14 emissions, e.g., biomass burning, contributing to the observed acetylene distribution. Compared to September/October 1988 , the center of the bulge in the acetylene mixing ratio was shifted by about 5 ø to the north. This observation coincides with the observed position of the ITCZ which was found to be at 8øN in 1989 compared to 5øN in 1988. The significant increase in the concentration ratio of C2H2/C2C14 and C2H2/CH2C12 is obviously due to the elevated acetylene mixing ratios, since the halocarbons are fairly constant. Biomass burning is considered to be the dominant source of acetylene in the southern hemisphere. Rudolph et al. [1993] have shown that CH2C12 and to a much lesser extent C2C14 are also emitted by biomass burning. However, compared to C2H2, the emission rates of the halocarbons is very low. Using the emission ratios given by Rudolph et al. [1993] and transport times of a week, an enhancement of CH2C12 relative to the background concentration is in the order of tenths of a parts per trillion. This is less than the measured variation and therefore cannot be seen in our data set. 
CONCLUSION
The latitudinal distributions of methylchloride, dichloromethane, trichloroethene, and tetrachloroethene showed structures which could be assigned to the source distribution, long-range transport, and the photochemical removal in the troposphere. CH3C1 showed a uniform distribution in both hemispheres with similar mixing ratios, as reported for previous measurement series. This indicates a uniform source distribution and confirms the suggestion that natural production in the surface water of the oceans seems to be the dominant source for CH3C1. Elevated mixing ratios over the equatorial oceans, as reported by other authors, could not be observed. Trichloroethene as the shortest-lived compound discussed here showed very low mixing ratios throughout the cruise. C2HC13 mixing ratios decreased by a factor of 10 between 45øN and 30øS. The low atmospheric mixing ratios of C2HC13 are compatible with the short atmospheric lifetime of less than 10 days and emissions from anthropogenic sources, primarily at midnorthern latitudes. Thus C2HC13 plays a negligible role for the chemistry of the remote troposphere, but its low background concentration and good detectability by ECD-GC makes it a useful tracer for the analysis of transport and dilution processes of continental air masses. Two of the other halocarbons discussed here, dichloromethane and tetrachloroethene, can be used as tracers for exchange processes within the northern hemi-sphere and between the northern and the southern hemisphere. Both compounds showed a linear decrease between 45øN and the equator of 7 and 2 ppt per 10 ø of latitude, respectively. In the southern hemisphere both compounds showed no significant latitudinal variation. Analysis of the distributions using acetylene as a reference compound showed that photochemical removal during long-range transport from continental sources can explain the observed concentrations. Since the main sources of CH2C12 and C2C14 are in the northern hemisphere, their mixing ratios in the southern hemisphere seem to be mainly due to interhemispheric exchange processes. The phases of the annual variations in both hemispheres are shifted by about 180 days and the gradient in the northern hemisphere peaks at the same season as photochemical removal does in the southern hemisphere. Thus one can speculate that due to the annual variation in the northern hemisphere, interhemispheric exchange may to some extent attenuate any annual variation in the southern hemisphere. However, further investigations are necessary to establish the seasonal cycles of the halocarbons and their global distribution. Although the halocarbons discussed here are of minor importance for the global tropospheric chemistry, they can be used as tracers for long-range transport and dilution of continental air masses. Owing to their different atmospheric lifetimes the distribution of these halocarbons can be a measure for the different time scales of these processes. Their global distribution and annual variation may be used as a measure of the distribution and variation of the global OH radical concentration.
